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The Human Perturbation of the CO2 Budget (2000-2009) 
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Global Carbon Project 2010; http://www.globalcarbonproject.org/carbonbudget/index.htm 

7.7±0.5 PgC y-1 

Calculated as the residual 

 
 



Efficiency of Natural Sinks 
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Ocean Fraction 

Canadell et al. 2007, PNAS 



Global Trend in NPP (1982 – 2009) 
AVHRR + MODIS with EOS algorithm 

 



Global  Terrestrial Net Primary Production  
(1982-2012) 

+/- 1Pg or about 2% 
Nemani et al 2003, Zhao and Running 2010 



Global MODIS NPP Anomaly 

Zhao & Running 2010, Science  
R = -0.89, p < 0.0006 



Temperature is a control factor of growing 
season for NH but not SH ! 

Zhao & Running 2010, Science 
For NH, 125 days snow cover 
 For SH, 7.5 days snow cover 



NPP over two hemisphere trend (2000-2009) 

Zhao & Running 2010, Science 

For NH, R = 0.39, p < 0.27 
 For SH, R = 0.87, p < 0.001 
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Capacity	  for	  Bioenergy	  ProducDon	  	  
(esDmated	  by	  ecologists) 



PENMAN-MONTEITH equation for Evapotranspiration 
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Land Water Balance = Precipitation – Evapotranspiration 

THE PROBLEM 
Temperature + Precipitation  

does NOT show the landscape aridity 

Veg Leaf Area 

Fairbanks and Tucson have nearly identical annual precipitation, 
The difference is potential evaporation! 



Spatial pattern of the 0.05°-resolution global MODIS ET 
anomalies during 2000-2005 








